ABSTRACT The amino acid sequence of ATP phosphoribosyltransferase [1(5'-phosphoribosyl)ATP:pyrophosphate phosphoribosyltransferase, EC 2.4.2.17] of Salmonella typhimurium has been determined. The amino acid sequence analysis was carried out with a combination of manual and automated methods. It was complemented by DNA sequence analysis (done in another laboratory) of the hisG gene, which codes for it. The subunit polypeptide chain contains 299 amino acid residues and has a molecular weight of 33,216. The amino-terminal segment of the protein is relatively basic in character and has limited sequence homologies with the lac repressor and histidinol dehydrogenase. In addition, the protein contains a 40-residue segment that has 13 residues identical with the sequence surrounding the active-site cysteine of glyceraldehyde-3-phosphate dehydrogenase. The first enzyme of the histidine biosynthetic pathway in Salmonella typhimurium is ATP phosphoribosyltransferase [1-(5'-phosphoribosyl)-ATP:pyrophosphate phosphoribosyltransferase, EC 2.4.2.17] (1, 2). It catalyzes the transfer of the phosphoribosyl moiety from phosphoribosyl pyrophosphate to ATP to form phosphoribosyl-ATP and inorganic pyrophosphate (1, 2). This enzyme plays a central role in the regulation of histidine metabolism. It has been shown to interact with every molecular regulatory signal known to affect expression of the histidine operon (3). This enzyme regulates histidine biosynthesis at the level of catalysis by being feedback inhibited by the end product, histidine (4). Furthermore, it is an autogenous (5) or autoregulatory (6) protein by virtue of regulating the expression of its own gene. Missense mutants of the enzyme that affect sensitivity to inhibition by histidine also alter expression of the histidine operon in vivo (2). The purified enzyme binds DNA of the regulatory region of the histidine operon (7) and inhibits transcription of the operon in vitro (8, 9). The DNA sequences of the histidine operon control regions of Salmonella typhimurium (10) and Escherichia coli (11) are now known.
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ATP phosphoribosyltransferase has a molecular weight of approximately 215,000 (12) . It is composed of six identical polypeptide chains having molecular weights of between 33,000 (13) and 35 ,000 (12) . The subunit polypeptide chain is coded for by the hisG gene, the first gene of the histidine operon of Salmonella typhimurium (1, 2) . As a first step in defining structure-function relationships of this protein, we have determined the amino acid sequence of its subunit polypeptide chain. We now report the sequence of the 299 amino acids of the subunit of ATP phosphoribosyltransferase.
MATERIALS AND METHODS
ATP phosphoribosyltransferase of Salmonella typhimurium was prepared by the method of Parsons and Koshland (13) . Before sequence analysis it was denatured in 6 M guanidine hydrochloride, reduced, and carboxymethylated (14) . Iodo[3H]acetic acid, from New England Nuclear, was used as the alkylating agent to facilitate identification of cysteine residues.
The amino-terminal sequence of the protein was determined by automated Edman degradation on a Beckman model 890B sequencer. The methods used and the results obtained have been published (15) .
Peptides were derived from the protein by cleavage with trypsin from Worthington (16), staphylococcal protease from Miles (17) , and cyanogen bromide. They were initially segregated according to size by gel filtration on Sephadex G-50, then fractionated further by column chromatography on Dowex 1, paper chromatography, and high-voltage paper electrophoresis. Sequences of the larger peptides were determined by automated Edman degradation with a Beckman sequencer; phenylthiohydantoin derivatives were identified by gas chromatography and thin-layer chromatography (18) . All manual sequencing methods used were those described earlier (16) . Details of the peptide isolation and sequence determination will be published elsewhere.
RESULTS AND DISCUSSION
The amino acid sequence of ATP phosphoribosyltransferase is given in Fig. 1 . The amino-terminal sequence of the protein was determined by automated Edman degradation (15) . Peptides were derived from the protein by cleavage with trypsin, staphylococcal protease, and cyanogen bromide. The complete amino acid sequence has been accounted for with polypeptide fragments, and these were overlapped to reconstruct the complete sequence (Fig. 1 35 ,000 (12) 1589
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terminus of the protein, followed by a clustering of acidic groups. The net charge on residues 1-40 is +6, and on residues 41-80 it is -9.
The preponderance of basic groups near the amino terminus suggests that this region might be involved in binding nucleic acids, as is the case with the histones (20) . When the aminoterminal 50 residues of ATP phosphoribosyltransferase are aligned with histone 2a (21) , histone 2b (22), histone 3 (23), or histone 4 (24), identical residues are found at three, one, one, and two positions, respectively. It is rare to find as much as 10% identity in unrelated sequences of length greater than 25 residues (25) (26) . Only one of these proteins showed identities numerous enough to be considered significant. The amino-terminal sequence of ATP phosphoribosyltransferase is identical at 11 of 48 residues, 22% of the amino terminus of the lac repressor (27) (Fig. 2) ; sequence homologies beyond residue 48 appear to be no greater than would be expected on the basis of chance. The 51-residue segment at the amino terminus of the lac repressor has been implicated in its interaction with lac operator DNA (28) . On the basis of the basic character of this region and the admittedly limited sequence homology with the lac repressor, one might speculate that the amino terminus of ATP phosphoribosyltransferase interacts with histidine operator DNA while mediating expression of the histidine operon.
In an earlier report (15) we noted a sequence homology of the amino-terminal segments of ATP phosphoribosyltransferase and histidinol dehydrogenase (29) (34) , yeast (35) , and Bacillus stearothermophilus (36) . Cysteine-149 residues of the pig, lobster, and yeast dehydrogenases have been shown to be at their active sites (33) (34) (35) . biosynthetic pathway (1, 2) . The full extent of .this homology will not be known until the complete amino acid sequence of histidinol dehydrogenase is determined. Sequence similarities between these two enzymes, if of substantial length, could reflect a common ancestral gene in the evolution of these proteins encoded by the histidine-operon. Indeed, in his proposal of the hypothesis of retrograde evolution, Horowitz (30) speculated that, for the histidine operon of Salmonella typhimurium, the gene defining the enzyme catalyzing the last step of the pathway (histidinol dehydrogenase) gave rise to the gene defining the first enzyme (ATP phosphoribosyltransferase). In view of the sequence homologies between ATP phosphoribosyltransferase and the lac repressor and histodinol dehydrogenase, one might ask if there is any relationship between the amino-terminal sequences of the lac repressor and histidinol dehydrogenase. No striking similarities of these two segments can be found.
ATP phosphoribosyltransferase is believed to have a cysteine that is essential for activity (31, 32) ; however, the essential cysteine has not yet been identified. We find that a 40-residue segment of ATP phosphoribosyltransferase that contains a cysteine is homologous with the sequence surrounding the active site cysteine of glyceraldehyde-3-phosphate dehydrogenases from various sources (33) (34) (35) (36) (Fig. 3) . When cysteine-149 of the transferase is aligned with cysteine-149 of the dehydrogenases (the identical residue numbers are probably fortuitous) 14 of 40 residues (35%) are identical. No other homologies of comparable magnitude were found when the ATP phosphoribosyltransferase sequence was compared with the sequence (26) around active-site cysteine residues of other enzymes. The similarity of amino acid sequences suggests the possibility that their tertiary structures are similar, at least in the homologous regions. Glyceraldehyde-3-phosphate dehydrogenase has as part of its tertiary structure an architectural feature found in many enzymes that catalyze reactions involving ATP or NAD, the NAD-binding domain (also called the dinucleotide fold) (37) . Cysteine-149 of the dehydrogenase is the carboxyl-terminal residue of the NAD-binding domain (37) . On the basis of the amino acid sequence homology (Fig. 3) 
